To facilitate the data acquisition and analysis of hydrogen sensors in early stages, a set of data acquisition and processing systems for hydrogen sensors has been developed. The system applies the embedded technology and combines the acquisition terminal with the upper computer to realize the data acquisition and processing of hydrogen sensors. At present, it has been applied to a constant voltage type hydrogen sensor to collect and process data. The conversion from resistance to current to voltage is realized. The resistance value at both ends of the measured material is within 200 KΩ. The measurement accuracy is 1 Ω. The upper computer assists with the temperature compensation mechanism to achieve the effective data acquisition and processing of the measured materials. The practical application shows that the system is of great significance to the data acquisition and processing of early hydrogen sensors.
Introduction
Hydrogen is a clean energy and an important chemical raw material. It has been widely applied in aerospace, fuel cell, metal smelting, chemical synthesis, and other fields [1] . At present, the hydrogen sensors used in the market are mainly electrochemical sensors, and a high-performance hydrogen sensor cannot be separated from the test and performance analysis of hydrogen sensor data in early stages. Therefore, a set of data acquisition and processing systems for hydrogen sensing materials is of great significance for the practical applications of hydrogen sensors [2] .
The Working Principle and Hardware Design of the System

The MCU Minimum System
The data acquisition and processing system under the hydrogen sensor mainly includes four parts: signal acquisition circuit, signal conversion circuit, signal transmission circuit, and signal compensation and processing of upper computer. The principle diagram is illustrated in Figure 1 . The signal acquisition circuit is mainly used to collect the resistance signal of the hydrogen sensor; the circuit signal conversion circuit transforms the resistance signal into the current signal and then turns to the voltage signal; the signal transmission circuit is used to upload the processed data to the upper computer; and the signal compensation and processing part of the upper computer mainly realizes the temperature compensation and number. 
The Signal Acquisition Circuit of the System
The hydrogen sensing material for the system is a material with high voltage requirements and requires constant voltage. Therefore, the response of hydrogen induced material to hydrogen is manifested in the change of material resistance, and the current in the acquisition circuit reflects the change. The schematic diagram of the acquisition circuit is shown in Figure 2 first. The LM358 operational amplifier consists of two independent, high gain, and internal frequency compensation dual operational amplifiers [3] . It is suitable for single power supply with a wide range of power supply. It is also suitable for dual power mode. Under the recommended working conditions, the power current is independent of the power supply voltage. The system uses the "short" characteristic of the LM358 operational amplifier to put the voltage clamp in the 2V, in which the resistance R1 and the R2 make the operation and amplifier close closed, so the circuit is a closed loop state of negative feedback, thus ensuring the operation of the operational amplifier in the linear region. The voltage of the measured hydrogen induction material is always constant [4] . The reaction of the signal change of the hydrogen sensor corresponds to the change of the resistance, while the hydrogen induction material requires constant voltage and the resistance value of the input resistance is within 200K Omega. To overcome the adverse effects of all kinds of noise, it is necessary to amplify the signal, so the signal is amplified in the second stage of the signal acquisition circuit. Since the second stage is a phase input amplifying circuit, the input of the resistance is infinite, so it fully satisfies the requirement of the resistance change of the hydrogen gas material [5] .
The third stage of the signal acquisition circuit makes use of the differential amplifier circuit to realize the conversion of the signal. This facilitates the AD sampling of the data, in which the signal V-Sigel is the corresponding voltage sampling and the R is the measured material resistance [6] [7] .
The Signal Conversion Circuit of the System
In the signal acquisition circuit of the system, the obtained resistance is mapped to the 0.0-100.0% according to the maximum and minimum value set by the host computer, and the sampling quantization value is obtained with a precision of 0.1%. As shown in Figure 2 , in the system signal conversion circuit, the system hardware master control STM32 has the PWM output function. The PWM+RC filter can be used to achieve the DAC output, thus saving the cost [7] [8] . The signal conversion circuit is shown in Figure 3 . A certain period is actually the essence of PWM and the high-level adjustable duty cycle square wave. The PWM waveform of the actual circuit is shown in Figure 3 , where the PWM waveform can be expressed as a piecewise function [9] .
Among them: T is the basic period of counting pulses in the single-chip microcomputer, N is the count pulse number of a cycle of PWM wave, n is the count pulse number of high level in a cycle of PWM wave, VH and VL are the high and low voltage values of PWM wave, k is the harmonic frequency, and t is time. Formula (1) is expanded into a Fourier series, and then formula (2) is obtained.
The first square brackets are DC components, the second ones are the harmonic components, and the third ones are the higher harmonic components. The DC component of N has a linear relationship with N, and the DC component changes from VL to VL +VH as n changes from 0 to N. This is exactly what the voltage output DAC needs. Therefore, if the harmonics outside the DC component can be filtered out, the conversion from the PWM wave to the voltage output DAC can be obtained, that is, the PWM wave can be demodulated by a low pass filter. The magnitude and phase angle of the second terms in n are related to the frequency of 1/ (NT), which is actually the output frequency of PWM. The frequency is the basis for the design of low pass filters. If we can filter out the one harmonic, the high-order harmonics should not exist. Through the above understanding, we can obtain the resolution of PWM DAC. The formula is as follows:
The resolution is =log2N; suppose that the minimum change of N is 1; when N = 256, the resolution is 8 bits. The timer of STM32 is all 16 bits. It can easily achieve higher resolution. The higher the resolution, the slower the speed [10] . The DAC resolution of the system is 8 bits. Under the condition of 8-bit resolution, it is required that the influence of the one harmonic on the output voltage does not exceed the accuracy of 1 bit, that is, 3.3/256=0.01289V. Assuming that VH is 3.3V and VL is 0V, the maximum value of one harmonic is 2×3.3/ PI =2.1V, which requires our RC filter circuit to provide at least -20lg (2.1/0.01289) =-44dB attenuation. The fastest counting frequency of the STM32 timer is 72MHz. When 8 is the resolution, the PWM frequency is 72M/256=281.25kHz. If the first order RC filter is applied, the cut-off frequency is 1.77kHz. If the second order RC filter is applied, the cut-off frequency is 22.34kHz. 
Software Design of the System
Software Design of Acquisition End
The program is written in the KEIL software and used in the C language. The software flow chart of the acquisition end is shown in Figure 5 . After the software is started, the serial port, the AD collection, the FLASH reading and writing command, and the internal peripherals of the STM32 are initialized first. After the initialization is completed, the parameters of the data are set by reading the FLASH inside the STM32 [11] . If the current is an empty command, the upper computer waits to communicate with the host computer software until the host computer sends the basic set parameters to the acquisition end and the upper computer root, according to the collected data for temperature compensation processing. The parameters are set to the acquisition end. If the parameters are finished, the acquisition end needs to store the set parameters into the FLASH inside the STM32, and the next data collection and data processing according to the parameters are set. The parameters in the FLASH within the STM32 are stored as the next data acquisition finger until the host computer changes the setting parameters again [12] . 
Software Design of Upper Computer
Visual Studio software is used as the development platform and written in C# language. The upper computer software includes data display, sampling parameters setting, data storage, temperature complement setting, and so on. The host computer software and the acquisition terminal carry out the data communication through the serial port. Setting the parameters mainly includes setting the resistance mapping range, the analog output range, the serial output options, and the sampling rate. The data format is JSON. The temperature setting is in the range of -15~55 C, with each 10 degrees being a gradient and a total of 7 gradients. The temperature compensation processing for the data is only needed to operate the host computer software, and the temperature compensation at the corresponding temperature can be realized. To facilitate the data collected and the corresponding setting parameters, the host computer software is convenient. The function of parameter preservation is completed [5] . Figure 6 is the actual interface diagram of the software. 
The Test Results
The hardware and software part of the whole system has been explained, and how to collect data is explained below. In the signal acquisition circuit of the system above, the hydrogen sensor's reaction to hydrogen shows the change of resistance, and for the final signal acquisition, the following relationship is met with the hydrogen sensor's resistance.
In the upper third, R is the resistance of the hydrogen sensor to be measured, and V_singel is the final sampling voltage.
The Multisim is used to simulate the experiment, the variable resistance is used to simulate the change of the resistance of the sensor at the acquisition end, and the final voltage is sampled by the oscilloscope [13] . The experimental results are shown in Table 1 . The simulation results show that the final voltage sampling and resistance change satisfies 1, while the actual hydrogen sensor test, combined with the temperature compensation function of the host computer, can fully meet the actual requirements of the measured hydrogen sensor for data processing.
Conclusions
In this paper, a set of systems for the theoretical analysis of hydrogen sensor data is realized. The system uses embedded technology and STM32 processor as the core, realizes the data acquisition of hydrogen sensors, assists the software to process and analyze the data, and lays a solid foundation for real-world applications of the late hydrogen gas sensor. The system is not limited to the analysis of the early data of hydrogen sensors: it can be used in the data analysis of the same kind of sensors and is also worthy of reference for other sensors [14] .
